Background/Aims: Epidermal growth factor receptor variant III (EGFRvIII), the most frequent EGFR variant, is constitutively activated without binding to EGF and is correlated with a poor prognosis. CH12, a human-mouse chimeric monoclonal antibody, has been developed in our laboratory and selectively binds to overexpressed EGFR and EGFRvIII. A previous study had reported that EGFR could influence autophagic activity, and autophagy is closely related to tumor development and the response to drug therapy. In this study, we aimed to elucidate the effect of CH12 on autophagy and efficacy of combining CH12 with an autophagy inhibitor against EGFRvIII-positive tumors. Methods: EGFRvIII was overexpressed in liver cancer, glioblastoma and breast cancer, and the change in the autophagy-relevant protein levels was analyzed by western blot assays, LC3 punctate aggregation was analyzed by immunofluorescence. The interaction of Beclin-1 and Rubicon was assessed by co-immunoprecipitation (Co-IP) after CH12 treatment. The efficacy of ATG7 or Beclin-1 siRNA in combination with CH12 in Huh-7-EGFRvIII cells was assessed by CCK-8 assays. The autophagy and apoptosis signaling events in Huh-7-EGFRvIII cells upon treatment with control, CH12, siRNA or combination for 48 h were assessed by western blot assays. Results: Our results showed that, in cancer cell lines overexpressing EGFRvIII, only the liver cancer cell lines Huh-7 and PLC/PRF/5 suggested autophagy activation. We then investigated the mechanism of autophagy activation after EGFRvIII overexpression. The results showed that EGFRvIII interacted with Rubicon, an autophagy inhibition protein, and released Beclin-1 to form the inducer complex, thus contributing to autophagy. In addition, CH12, via inhibiting the phosphorylation of EGFRvIII, promoted the interaction of EGFRvIII with Rubicon, further inducing autophagy. In vitro assays suggested that knocking down the expression of the key proteins ATG7 or Beclin-1 in the autophagy pathway with siRNA inhibits tumor cell proliferation. Combining autophagy-related proteins 7 (ATG7) or Beclin-1 siRNA with CH12 in Huh-7-EGFRvIII cells showed better inhibition of cell proliferation. Conclusion: EGFRvIII could induce autophagy, and CH12 treatment could improve autophagy activity in EGFRvIII-positive liver cancer cells. The combination of CH12 with an autophagy inhibitor or siRNA against key proteins in the autophagy pathway displayed more significant efficacy on EGFRvIII-positive tumor cells than monotherapy, and induced cell apoptosis.
Introduction
Autophagy is an important defense and protection mechanism in organisms. Autophagy is the process by which cellular organelles and proteins are engulfed by a double-walled membrane that splits off the non-ribosome region of the rough endoplasmic reticulum to form an autophagosome. The autophagosome then fuses with a lysosome to form an autolysosome where the engulfed cellular material is degraded to meet the metabolic needs of the cells themselves and promote the catabolic process of some organelles [1] . The two dominant autophagic pathways in mammals are macroautophagy and molecular chaperonemediated autophagy (CMA) [2, 3] . There is no obvious selectivity when removing proteins through macroautophagy [4] . The core components of autophagosomes are composed of autophagy-related proteins (ATGs) in a specific order. The Beclin-1 complex comprises Beclin-1, Class III PI 3-kinase (VPS34), ATG14 and the serine/threonine PI3 kinase regulatory subunit 4 (PIK3R4, VPS15), and it is an important conditional complex in autophagosome formation and the autophagy initial stage. Light Chain 3 (LC3,Atg8 in yeast) is an autophagy protein downstream of Beclin 1 and a marker of autophagosome formation such that cytoplasmic LC3-I transforms esterified LC3-II on the autophagosome membrane [5] [6] [7] [8] . In CMA, the molecular chaperone HSC70 recognizes soluble cytoplasmic protein via the KFERQ sequence (accounting for 30% of soluble cytoplasmic protein in vivo) with certain selectivity. After the formed molecular chaperone-substrate complex binds to a specific receptor on the lysosomal membrane, lysosome-associated membrane protein (LAMP), the substrate then enters the lysosomal cavity and is degraded into its components, which will be reused by cells [9] [10] [11] [12] .
Autophagy, as a highly conserved mechanism of eukaryotic cells, plays an important role in maintaining homeostasis, cell differentiation, growth and development, and the response to internal and external stimuli [1] . In recent years, autophagy has attracted great interest and attention from tumor biologists, and there is growing evidence to indicate that autophagy is closely correlated with tumorigenesis and the response of tumor cells to treatment [13, 14] . On the one hand, autophagy can remove damaged organelles to avoid the occurrence of harmful free radicals and mutations, thus avoiding greater damage. It has been found that the autophagy-induced gene Beclin-1 is missing or mutated in various human tumors, including breast tumors, lung tumors, and prostate tumors, thereby losing its inhibition on tumors [15] [16] [17] . On the other hand, enhanced autophagy can also be detected in tumor cells after anti-hormonal treatment or chemoradiotherapy [13, 14, 18] . It is controversial regarding whether this enhanced autophagy caused by antitumor therapy leads to the death of tumor cells or maintains the survival of tumor cells, but it mainly depends on the type of tumor cells, treatment method, tumor environment and treatment characteristics [19] . Because of the dual relationship between tumor and autophagy, autophagy inhibitors and inducers cannot be simply used in the clinical treatment of tumors.
EGFR is a receptor tyrosine kinase (RTK). EGFR plays a very important role in the occurrence and development of tumors and is an important treatment target for tumors. Recent studies have shown that EGFR influences autophagy activity in many aspects. On the one hand, EGFR can affect autophagy by regulating mTOR, the key target of macroautophagy Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry through the PI3K and Ras/Raf pathways, which can interact with ULK1 and affect ULK1's participation in the Beclin-1 complex, thereby influencing the formation and maturation of autophagosomes [20] [21] [22] [23] . On the other hand, EGFR-mediated Beclin-1 phosphorylation can inhibit the formation of the autophagy initiation complex, which is also an important pathway that influences autophagy. Recent studies have suggested that EGFR influences the binding of Beclin-1 to autophagy inhibitor protein Rubicon, thereby affecting the initiation of autophagy [24] . EGFRvIII is the most common mutation type of EGFR that is not expressed in normal tissues but is highly expressed in multiple malignant tumors, mostly in brain glioma, non-small cell lung tumor, head and neck squamous cell carcinoma and hepatocellular carcinoma. EGFRvIII expression is closely correlated with the occurrence, development, malignant transformation, metastasis and prognosis of tumors [25] [26] [27] ; therefore, it is considered an ideal target for the treatment of tumors. EGFRvIII has the property of selfsustained phosphorylation activation independent of ligand binding [28] , and it can cause constitutive activation of the PI3K/AKT signaling pathway and perform signal transduction by activating the Ras/ERK pathway [29, 30] . This detailed study investigated the type of influence EGFRvIII expression brings to autophagy, and in which pathways.
Currently there are three available monoclonal antibodies targeting EGFR: cetuximab (C225), panitumumab and nimotuzumab. Interestingly, macroautophagy induced by different anti-EGFR antibodies may produce diametrically opposite effects on the growth of tumor cells. For example, cetuximab can antagonize its pro-apoptotic effect by downregulating HIF-1a and Bcl-2 and activating macroautophagy induced by the Beclin-1/h VPS34 complex [31] , whereas panitumumab can induce macroautophagy to inhibit the proliferation of colon tumor cells [32] . Therefore, macroautophagy has dual effects on the antibody treatment of tumors. How to kill tumor cells by inducing macroautophagy with antitumor drugs and how to eliminate the tumor-promoting effect of macroautophagy while promoting its antitumor effect are issues that need to be addressed during the monoclonal antibody therapy of tumors.
CH12, a monoclonal antibody directed against EGFRvIII, can significantly inhibit the growth of EGFRvIII-positive hepatocellular carcinoma cells, glioblastoma, and breast cancer in nude mice [33] [34] [35] . Results from a mechanistic study showed that EGFRvIII protein and its phosphorylation levels are significantly reduced in hepatocellular carcinoma cells after treatment with CH12. In this study, we aimed to solve the following issues: the influence of EGFRvIII expression on the autophagy of tumor cells; the effect of CH12 on the autophagy of EGFRvIII-positive hepatocellular carcinoma cells; and the significance of such an effect in the antitumor process of CH12. The results from this study are expected to provide a certain experimental basis for the clinical application of the CH12 antibody.
Materials and Methods

Cell culture
Human hepatocellular carcinoma cells Huh-7 and PLC/PRF/5 were obtained from the American Type Culture Collection (ATCC, USA). The human glioblastoma cells U2511MG and U87MG and the human breast cancer cells BT474 and SKBR3 were also obtained from the ATCC. All hepatocellular carcinoma cells and GBM cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Gibco, USA) supplemented with 10% fetal bovine serum (FBS) (Serana, Australia). All breast cancer cells were cultured in 1640 medium (Gibco, USA) supplemented with 10% FBS. Cells were maintained at 37°C in a humidified atmosphere of 5% CO2. Cancer cells exogenously overexpressing EGFRvIII were established according to previously reported methods [25] .
Reagents
Erlotinib was purchased from Abcam (USA). The chimeric mAb CH12 (IgG1) was produced in dihydrofolate reductase-deficient CHO DG44 cells as previously described at 20 mg/mL [33] . EGFR，p-EGFR, P62，LC3B, ATG7, Beclin-1, Rebicon, PARP and Caspase 3 antibody were purchased from Cell signaling technology (MA, USA).
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EGFRvIII stable expression cell establishment
The EGFRvIII plasmid and the control plasmid were purchased from Genepharma Company (China). The cells were infected with lentivirus that expresses EGFRvIII and selected in puromycin (Invitrogen, USA). The clones were confirmed by western blotting. Stable cell lines were maintained in DMEM supplemented with 10% FBS, and 2 μg/ml puromycin.
Western blot assay
Collected cells were washed, and cell pellets were resuspended in mammalian protein extraction reagent (M-PER) (Thermo Fisher Scientific, USA). The extracted protein was quantified using a BCA Kit (Thermo Fisher Scientific, USA), separated on SDS-PAGE gels at 8%-14% polyacrylamide according to protein weight and blotted onto a PVDF nitrocellulose membrane (Bio-Rad Laboratories, USA). The membrane was blocked in 5% slim milk in PBST for 1 h and then probed with primary antibodies overnight at 4°C. The following primary antibodies were used: the p62 antibody was purchased from Epitomics; the phosphor-EGFR, EGFR, GAPDH antibodies were purchased from Santa Cruz Biotechnology, and the mTOR, phosphor-mTOR, LC3B, Beclin-1, Beclin-2, phosphor-Beclin-1, VPS34, Rubicon, and ATG14 antibodies were obtained from Cell Signaling Technology. After washing the membranes in PBST, they were incubated with the appropriate secondary antibodies for 1 h at room temperature, washed three times in PBST and then visualized with enhanced chemiluminescence reagent following the manufacturer's instructions (Thermo, USA). Software IMAGE LAB (Bio-Rad, Hercules, CA, USA) and IMAGEJ (National Institutes of Health, USA) were used for the analysis and densitometry quantification of the protein levels.
Immunofluorescence
The human hepatocellular carcinoma cell lines Huh-7 and PLC/PRF/5 with or without EGFRvIII overexpression were plated on glass-bottomed cell culture dishes (Nest, USA) at 50% confluency, and then were washed in PBS, fixed in 4% paraformaldehyde (PFA) at room temperature for 15 min, permeabilized in 0.2% Triton X-100 for 15 min, and blocked with 1% bovine serum albumin (BSA) in PBS for 1 h. Next, cells were stained with primary LC3 antibody at 4°C overnight and were incubated with Alexa 488-conjugated donkey anti-mouse secondary antibodies (Jackson ImmunoResearch, USA) at 37°C for 1 h. Autophagosome formation was determined by confocal microscopy (1000×) (Olympus, Japan).
Co-immunoprecipitation
Briefly, prepared cell lysates were incubated with the indicated antibodies (5 μg/500 μl) at 4°C overnight, followed by the addition of protein G sepharose beads (Sigma, USA). After 4 h, the beads were collected, washed three times, resolved by SDS/PAGE, and immunoblotted with the indicated antibodies.
CCK-8 assay
The CCK-8 assay was used to determine the cell viability following treatment with ATG7 or Beclin-1 siRNA in combination with CH12 in Huh-7-EGFRvIII cells. Huh-7-EGFRvIII cells were seeded at a density of 2, 000 cells/well in 96-well plates and were treated with CH12 at a concentration of 200 μg/mL or siRNA at a concentration of 100 nM or the combination for 48 h. Cell viability was assessed using the Cell Counting Kit-8 (CCK-8) (Dojindo, China) according to the manufacturer's instructions.
Statistical analysis
All data are presented as the mean ±SD of at least three triplications. Parametric data in different groups were examined for the homogeneity of variance and the data with equal variances were compared using one-way ANOVA followed by least significant difference (LSD) method for the inter-multiple group comparisons; non-parametric data or data with unequal variances were compared using Kruskal-Wallis rank test followed by Dunnett T3 method for inter-multiple group comparisons (GraphPad Software, San Diego, CA). Significant differences of parametric data between two groups were determined by two-tailed unpaired Student's t-test. Non-parametric data in two groups were determined by Mann-Whitney U test. P <0.05 was considered a statistically significant difference.
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Results
Enhancement of macroautophagy activity in EGFRvIII-positive hepatocellular carcinoma cells
After the overexpression of EGFRvIII, changes in the macroautophagy activity of different cell lines were detected. Western blot results showed that a significant increase in LC3I/II conversion and downregulation of P62 were found in Huh-7 and PLC/PRF/5 hepatocellular carcinoma cell lines, indicating that the overexpression of EGFRvIII promoted autophagy in these two cell lines (Fig. 1A) . However, in U251MG and U87MG glioma cell lines, as well as in BT474 and SKBR3 breast tumor cell lines, the overexpression of EGFRvIII had no effect on their autophagy status. Next, we detected the punctate aggregation of LC3 in Huh-7 and PLC/PRF/5 cells and their EGFRvIII-overexpressed cell lines with immunofluorescence. The results showed that the overexpression of EGFRvIII increased punctate aggregation of LC3 in Huh-7 and PLC/PRF/5 cells, which is a marker for enhancement in autophagy (Fig. 1B) . The quantification analysis of LC3 puncta per cell in parent Huh-7 and PLC/PRF/5 cells and their EGFRvIII-positive sublines was showed. These results suggested that the overexpression of EGFRvIII promoted autophagy in hepatocellular carcinoma cell lines.
EGFRvIII promotes autophagy by interacting with Rubicon
To explore the effect of EGFRvIII on autophagy, we detected changes in autophagy-related proteins by western blotting. The results showed that the expression levels of Beclin-1, p-Beclin-1 and VPS34 showed no changes ( Fig. 2A) . To determine whether the binding proteins of Beclin-1 were changed, we investigated the Beclin-1 complex. The IP results suggested that VPS34, which binds to Beclin-1, was slightly increased, whereas Rubicon was significantly decreased (Fig. 2B) . According to previous studies, the binding of EGFR to Rubicon in breast tumor cells can release Beclin-1 and promote autophagy [24] . We detected the All data are presented as the mean ± SE of three repetitions. P <0.05 was considered statistically significant. * P <0.05, ** P <0.01, *** P <0.001 versus the parent group. interacting proteins of Rubicon, and the results showed that after expression, EGFRvIII could bind to Rubicon, whereas the binding of Rubicon to Beclin-1 was decreased, promoting the formation of the Beclin-1 initiation complex and activating autophagy (Fig. 2C) . Immunofluorescence showed the effect of CH12 on inducing LC3 punctate aggregation in Huh-7-EGFRvIII and PLC/PRF/5-EGFRvIII cells. LC3 puncta per cell were quantified in cells. All data are presented as the mean ± SE. P <0.05 was considered statistically significant. * P <0.05, ** P <0.01, *** P <0.001 versus the control. 
CH12 further activates autophagy after treating EGFRvIII-positive hepatocellular carcinoma cells
To investigate the influence of CH12 treatment on the autophagy of EGFRvIII-positive hepatocellular carcinoma cells, we detected changes in autophagy-related proteins by western blotting, and the results showed that after CH12 treatment, LC3I/II conversion was significantly increased, and p62 was downregulated (Fig. 3A) . Next, we detected the punctate aggregation of LC3 in Huh-7-EGFRvIII and PLC/PRF/5-EGFRvIII cells after treatment with CH12, and the results showed that CH12 treatment increased the punctate aggregation of LC3 and promoted autophagy (Fig. 3 B) . The quantification analysis of LC3 puncta per cell in parent Huh-7 and PLC/PRF/5 cells and their EGFRvIII-positive sublines was showed.
CH12 promotes autophagy by inhibiting the phosphorylation of EGFR and increasing the binding of EGFRvIII to Rubicon
To determine the effect of CH12 on autophagy, we detected changes in autophagy-related protein levels by western blotting. The results suggested the expression levels of Beclin-1, p-Beclin-1 and VPS34 showed no changes (Fig. 4A) . Given that EGFRvIII influences autophagy by affecting the binding of Rubicon to Beclin-1 as demonstrated above, we detected changes in the binding proteins of Beclin-1 after CH12 treatment with erlotinib as the control. The IP results showed that CH12 significantly inhibited the phosphorylation of EGFRvIII. After treatment with CH12 and erlotinib, the interaction between EGFRvIII and Rubicon was significantly enhanced, significantly reducing the binding of Rubicon to Beclin-1 (Fig. 4B) .
Knocking down important proteins of autophagy-related pathways to inhibit autophagy promotes the death of hepatocellular carcinoma cells
To determine the influence of autophagy on the proliferation of EGFRvIII-positive hepatocellular carcinoma cell lines, we knocked down ATG7 and Beclin-1, important proteins for the autophagy process, with siRNA while using CH12 in combination, and observed the survival rate of cells. The results showed that after knocking down autophagy-related proteins, autophagy was significantly inhibited, and the survival rate of cells was significantly , and Rubicon interaction with EGFRvIII and Beclin-1 in Huh-7-EGFRvIII cells after CH12 treatment. All data are presented as the mean ± SE. P <0.05 was considered statistically significant. * P <0.05, ** P <0.01, *** P <0.001 versus the control. (Fig. 5A) . Western blot results showed that treating Huh-7-EGFRvIII cells with interfering siRNA of ATG7 and Beclin-1 combined with CH12 could more significantly induce the apoptosis of cells (Fig. 5B,C) .
Discussion
Autophagy, a highly conserved mechanism of eukaryotic cells, plays an important role in maintaining homeostasis, cell differentiation, growth and development, as well as in the response to internal and external stimuli [1] . Autophagy is closely correlated with tumorigenesis and the response of tumor cells to treatment [13, 14] . Autophagy is a doubleedged sword. On the one hand, autophagy can remove damaged organelles to avoid the occurrence of harmful free radicals and mutations, thus avoiding greater damage. It has been found that the autophagy-induced gene Beclin-1 is missing or mutated in various human tumors, thereby losing its inhibition on tumors [15] [16] [17] . On the other hand, enhanced autophagy can also be detected in tumor cells after anti-hormonal treatment or chemoradiotherapy [13, 14, 18] . It is controversial whether this enhanced autophagy caused by antitumor therapy leads to the death of tumor cells or maintains the survival of tumor cells; however, it mainly depends on the type of tumor cell and treatment method [19] .
EGFR plays a very important role in the occurrence and development of tumors, and recent studies have shown that EGFR influences autophagy activity in many aspects. On the one hand, EGFR could affect the PI3K/AKT/mTOR pathway, and mTOR is a key regulatory protein for the formation and maturation of autophagosomes [20] [21] [22] [23] ; on the other hand, EGFR-mediated phosphorylated Beclin-1 could inhibit the formation of the autophagy initiation complex, which is also an important pathway that influences autophagy. Recent studies have shown that EGFR can bind to Rubicon, which influences the binding of Beclin-1 to Rubicon, thereby affecting the initiation of autophagy. EGFRvIII is a common mutation type of EGFR that is closely correlated with the occurrence, development, malignant All data are presented as the mean ± SE. P <0.05 was considered statistically significant. * P <0.05, ** P <0.01, *** P <0.001 versus the control, # P <0.05, ## P <0.01, ### P <0.001 versus single treatment.
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Cellular Physiology and Biochemistry transformation, metastasis and prognosis of tumors [28] [29] [30] [31] . This study first explored the influence of EGFRvIII on autophagy. Immunofluorescence data showed that in EGFRvIIIoverexpressed hepatocellular carcinoma cells, the conversion of LC3I to LC3II was increased, and the punctate aggregation of LC3 was more obvious, which is a marker for enhancement in autophagy (Fig. 1) . We also analyzed the expression levels of the autophagy initiator proteins p-Beclin-1, Beclin-1, Beclin-2 and VPS34 and found that EGFRvIII did not affect their expression levels (Fig. 2 A) . Thus, we further analyzed the interacting protein of Beclin-1, and the results showed that EGFRvIII can interact with Rubicon, which reduced the binding of Beclin-1 to Rubicon and promoted the binding of Beclin-1 to VPS34, thereby activating autophagy (Fig. 2B) . Due to the important function and tumor specificity of EGFRvIII, antibodies targeting EGFRvIII have been actively developed. The clinical data of mAb806 in Phase I suggested significant clinical efficacy and low toxicity [36, 37] . The human-mouse chimeric monoclonal antibody CH12, independently developed by our laboratory also showed a significant effect on EGFRvIII-overexpressed tumor models. This current study further explored the influence of CH12 on autophagy. The data showed that after treating Huh-7-EGFRvIII cells with CH12, the autophagy activity was significantly enhanced (Fig. 3 A, B) . To determine how CH12 influenced the autophagy process, based on a former study on the relationship between EGFRvIII and autophagy, we further analyzed EGFRvIII and the autophagy inhibitor protein Rubicon while using erlotinib as a positive control to inhibit the phosphorylation of EGFR. The results of signaling pathways showed that EGFRvIII and erlotinib could inhibit the phosphorylation of EGFR and EGFRvIII. When the phosphorylation activity was reduced, the binding of EGFRvIII to Rubicon was increased, reducing the binding of Beclin-1 to Rubicon and promoting autophagy (Fig. 4A,B) .
To determine the influence of enhanced autophagy on the proliferation of EGFRvIIIpositive hepatocellular carcinoma cell line, we inhibited the autophagy process using interfering RNA targeting Beclin-1 and ATG7, and the results showed that when autophagy was inhibited, tumor proliferation was weakened, and the combined use of CH12 had a better inhibitory effect. The results of signaling pathways showed that the combined use of CH12 with interfering RNA against autophagy process proteins can inhibit autophagy and promote the apoptosis of cells (Fig. 5) .
Previous studies have reported that the combined use of sorafenib and the autophagy inhibitor chloroquine achieved good effect in both the in vitro and in vivo treatment of hepatocellular carcinoma [38] . Meanwhile, in non-small cell lung tumor with the expression of wild-type EGFR, the combined use of chloroquine and erlotinib could overcome the resistance to erlotinib, and the use of gefitinib in combination can also increase the toxicity of gefitinib. The clinical phase I experiment of the combined use of chloroquine and erlotinib showed that the combined use of the two has good tolerance [39] [40] [41] . Therefore, the combination of CH12 and an autophagy inhibitor to treat EGFRvIII-positive hepatocellular carcinoma is worth further exploration.
Conclusion
Previous data from our lab suggested that CH12 could downregulate phosphorylation of EGFRvIII and its downstream activation of AKT and ERK in hepatocellular tumor and contributed to cell growth inhibition [33] . And this study suggested that EGFRvIII could enhance the autophagy activity of hepatocellular carcinoma, and CH12 promoted the interaction of EGFRvIII with Rubicon via inhibiting the phosphorylation of EGFRvIII, induced autophagy and attenuated its anti-proliferation effect in some extent. The combination of CH12 with an autophagy inhibitor or siRNA against key proteins in the autophagy pathway displayed more significant efficacy on EGFRvIII-positive hepatocellular cancer cells than monotherapy, and further induced cell apoptosis (Fig. 6) . Therefore, the treatment effect of Fig. 6 . The mechanism diagram of antitumor effect of CH12. Previous data from our lab suggested that CH12 could downregulate phosphorylation of EGFRvIII and its downstream activation of AKT and ERK in hepatocellular tumor and contributed to cell growth inhibition (33) . And this study suggested that CH12 promoted the interaction of EGFRvIII with Rubicon via inhibiting the phosphorylation of EGFRvIII, induced autophagy and attenuated its anti-proliferation effect in some extent. The combination of CH12 with an autophagy inhibitor or siRNA against key proteins in the autophagy pathway displayed more significant efficacy on EGFRvIII-positive hepatocellular cancer cells than monotherapy, and further induced cell apoptosis. 
